Background. Palmoplantar pustulosis (PPP) is a refractory, nonbacterial impetigo confined to the palms and soles. Its pathogenesis is still obscure, but it may be associated with the large eccrine sweat glands and pores of palmoplantar skin. PPP is considered to be a localized pustular psoriasis. Interleukin (IL)-8, IL-36c and IL36Ra play important roles in the pathogenesis of pustular psoriasis, but their role in PPP is unclear. Aim. To evaluate IL-8, IL-36c and IL-36Ra expression in PPP, and their relationship with acrosyringia and pustule formation. Methods. mRNA expression was quantified in skin samples from patients with PPP (n = 7), patients with psoriasis vulgaris (PSV; n = 8) and healthy controls (HCs) (n = 6) by reverse-transcription-real-time PCR. Protein expression was characterized by immunohistochemistry (PPP, n = 17; PSV, n = 14; HCs, n = 12). Sweat ducts, including acrosyringia, were stained for epithelial membrane antigen (EMA). Results. IL-8 mRNA and protein were markedly increased in PPP lesions compared with PSV lesions or HC skin. IL-36c mRNA and protein were significantly more abundant in PPP lesions than in HC skin. IL-36Ra mRNA was significantly overexpressed in PPP lesions compared with HC skin, but there was no difference in IL36Ra protein between PPP, PSV and HCs. IL-8 was abundantly expressed by neutrophils in PPP pustules, while IL36Ra was localized in the keratinocytes of PPP, PSV and HC skin. IL-36c and EMA were colocalized in cells surrounding PPP pustules, and IL-36c was also expressed in sweat duct cells in the dermis. Conclusion. IL-8, IL-36c and IL-36Ra are overexpressed in PPP lesions. IL-8, IL36c and acrosyringia, rather than IL-36Ra, are associated with pustule formation in PPP.
Introduction
Palmoplantar pustulosis (PPP) is a refractory, chronic, inflammatory skin disease characterized by the relapsing eruption of sterile pustules, erythema and scaling confined to the palms and soles. 1 Currently, PPP is regarded as a localized type of pustular psoriasis. 2 Some studies have indicated that PPP is confined to palmoplantar skin because this type of skin contains abundant sweat glands and sweat pores.
3 Interleukin (IL)-8 is a chemotaxin and activator of neutrophils, and is involved in the formation of aseptic pustules in pustular psoriasis. 4, 5 IL-36c is abundantly expressed in the epidermis of pustular psoriasis, and plays a key role in the signal transduction pathway underlying aseptic pustule formation. 5 In addition, dysfunction of the IL-36 receptor antagonist (IL-36Ra), a natural antagonist of IL-36c, leads to abnormal activation of IL-36c and leads to disease. 6 However, studies of IL-8, IL-36c and IL-36Ra in PPP are lacking. In this study, we evaluated the expression of these proinflammatory cytokines in patients with PPP, comparing them with patients with psoriasis vulgaris (PSV) and healthy controls (HCs). Furthermore, we explored the relationship between acrosyringia, pustule formation and the localization of IL-8, IL-36c and IL-36Ra.
Methods
The study was approved by the Medical Ethics Committee of Peking Union Medical College Hospital, and conducted according to the principles of the Declaration of Helsinki. All participants voluntarily gave written informed consent for all procedures.
Participants
In total, 31 patients (17 with PPP, 14 with PSV) and 12 HCs were included in the study. All patients were diagnosed according to their clinical features by board-certified dermatologists and also according to their pathology. All were in the active disease period and had not taken any topical or systemic therapy within 6 weeks before visiting our hospital.
All 31 patients underwent skin biopsy. Biopsied tissues were formalin-fixed and processed for haematoxylin and eosin staining and immunohistochemistry. Fresh tissue samples from 15 patients (7 with PPP, 8 with PSV) and 6 HCs were used for RNA extraction and reverse-transcription-quantitative real-time PCR.
Quantitative real-time PCR Total RNA was extracted from fresh skin lesions using a commercial reagent (TriZOL; Invitrogen, Carlsbad, CA, USA); 500 ng of RNA was then reverse-transcribed (Goscript TM Reverse Transcription system; Thermo Fisher Scientific, Waltham, MA, USA) to make cDNA. Quantitative real-time PCR was performed (7500 Real-Time PCR System; Applied Biosystems, Foster City, CA, USA) using FastStart Universal SYBR Green (Roche, Pleasanton, CA, USA). Data were processed using the system software (ABI 7500 Fast RT PCR; Applied Biosystems). The primer sequences used are shown in Table 1 . Gene expression was quantified using the relative quantity 2 ÀDDCT method, normalized to an endogenous control (glyceraldehyde 3-phosphate dehydrogenase). For each sample, the amplification reaction was performed in triplicate.
Immunohistochemistry
Specimens were fixed overnight in 10% buffered formalin and were then embedded in paraffin blocks for routine pathological diagnosis. Sections 4 lm thick were prepared for immunohistochemistry. All sections were dewaxed, rehydrated, subjected to blocking and antigen retrieval, and then treated with mouse antihuman IL-8 (25 lg/mL; R&D Systems Minneapolis, MN, USA), mouse anti-human IL-36c (1 : 150), rabbit anti-human IL-36Ra (1 : 50) or mouse anti-epithelial membrane antigen (EMA; 1 : 100) (all Abcam, Cambridge, UK) antibodies for 2 h. The sections were then washed, treated with a biotinylated secondary antibody (Vector Laboratories, Burlingame, CA, USA) for 1 h, and developed with 3,3 0 -diaminoibenzidine. Phosphate-buffered saline was substituted for the primary antibody as a negative control. All immunohistochemistry sections were scanned into digital slices (NanoZoomer-XR Digital Slice Scanning System; Hamamatsu, Shizuoka Prefecture, Japan). Each digital slice was evaluated by two independent investigators blinded to the groups. The staining intensity of IL-8, IL-36c and IL-36Ra in the epidermis was evaluated using a previously reported semiquantitative grading system[0 = no staining, 1 = weak staining (light brown-yellow), 2 = moderate staining (brownyellow), 3 = strong staining (chocolate-brown); range of scores: 0-3]. 7 The final score for each section was the mean of the two investigators' scores.
Statistical analysis
One-way ANOVA or Kruskal-Wallis test were used to evaluate the statistical significance of differences between mean values for the PPP, PSV and HC groups. P < 0.05 was considered significant. GraphPad Prism software, version 5.0 (GraphPad Software, San Diego, CA) was used to plot the data. 
Results
Interleukin-8, -36c and -36Ra mRNA expression in palmoplantar pustulosis and psoriasis vulgaris IL-8 mRNA was expressed at significantly higher levels in PPP lesions compared with PSV or HC skin (P < 0.01 for both) (Fig. 1) , whereas no significant difference was seen between the PSV and HC groups (P = 0.64). Expression of IL-36c mRNA was significantly greater in PPP lesions than in HC skin (P = 0.01). IL36c mRNA was also more elevated in PPP lesions than in PSV skin, but this was not statistically significant (P = 0.85).
IL-36c mRNA expression was higher in PSV lesions than in HC skin, but this was not statistically significant (P = 0.15).
IL-36Ra mRNA was significantly overexpressed in PPP lesions and PSV skin compared with HC skin (P < 0.001 and P < 0.01, respectively). There was no significant difference in IL-36Ra expression between PPP and PSV.
Immunohistochemistry of interleukin-8, -36c and -36Ra and epidermal membrane antigen in palmoplantar pustulosis and psoriasis vulgaris IL-8 was abundantly expressed in neutrophils (polymorphonuclear cells) in the pustules of PPP lesions (Fig. 2) , whereas samples from Munro abscesses and PSV tissues were negative for IL-8, similar to HC tissues. The IL-8 immunoreactive intensity of PPP specimens was markedly higher than that of PSV and HC specimens (P < 0.01 and P = 0.04, respectively) (Fig. 3) .
IL-36c staining was positive in both PPP and PSV tissues. IL-36c staining was seen in keratinocytes surrounding the PPP pustules and in the sweat duct cells in dermis (Fig. 4) . In PSV lesions, IL-36c was mainly expressed in the upper layer of keratinocytes. The cytoplasm of keratinocytes was stained in PPP, whereas the cytomembrane and nucleolus were stained in PSV tissues.
EMA was expressed strongly in the cells lining or surrounding PPP pustules. The localization of IL-36c and EMA staining overlapped around pustules.
Semiquantitative results showed that the expression of IL-36c was significantly higher in PPP lesions than in HC skin (P = 0.01). Compared with PSV, the intensity of IL-36c in PPP was not significantly different (P = 0.65). There was also no significant difference in IL-36c expression between PSV and HC samples (P > 0.05).
IL-36Ra was positive in PPP, PSV and HC samples, staining the cytoplasm of keratinocytes. No significant difference was seen in IL-36Ra protein expression between the three groups (P > 0.10).
Discussion
IL-8, being involved in chemotaxis and activation of neutrophils, is mainly produced by keratinocytes and mononuclear cells. 8 IL-36c belongs to the IL-1 family, and is mainly expressed in keratinocytes and epithelial tissues, such as respiratory and oesophageal epithelial cells. IL-36c acts via the mitogen-activated protein kinase and nuclear factor-jB pathways to stimulate keratinocyte secretion of IL-8.
5,9 IL-36Ra, encoded by IL36RN, is an inhibitor of IL-36c, and its structural or functional abnormality can result in pustular psoriasis. 5, 6 Absence of IL-36Ra and elevation of IL-36c and Levels of IL-36Ra mRNA were significantly higher in PPP and PSV compared with HC skin (P < 0.001 and P < 0.01, respectively).
ª 2018 British Association of Dermatologists IL-8 are key to the pathogenesis of pustular psoriasis, which can be caused by pathogenic IL-36RN mutations. 10 However, the roles of IL-8, IL-36c and IL36Ra in PPP have not yet been defined. Our study showed that IL-8 and IL-36c were overexpressed in PPP lesions associated with acrosyringia in pustule formation. IL-36Ra was normally expressed, and hence may not have a pathogenic role in PPP. In this study, we found that IL-8 mRNA and protein were overexpressed in PPP lesions compared with PSV and HC skin, and were especially abundant in neutrophils in the pustules. However, aside from Munro microabscesses, PSV lesions were negative for IL-8, suggesting that IL-8 plays a crucial role in the pathogenesis of PPP but not PSV. IL-8 may be a predominant factor in PPP that results in pustule formation. Skov et al. showed that an anti-IL-8 monoclonal antibody produced a good clinical response in patients with PPP; however, the phase II clinical trial of this antibody for the treatment of plaque psoriasis ceased because of otherwise poor efficacy. 4, 11 In the current study, IL-36c mRNA and protein expression were both significantly higher in PPP lesions compared with HCs. IL-36c showed strong, positive staining in keratinocytes surrounding PPP pustules, and may make a substantial contribution to pustule formation. IL-36c mRNA and protein were also expressed in PSV lesions, consistent with the viewpoint that IL-36c is a biomarker of psoriasis. 12 From this point of view, PPP may indeed belong to the psoriasis group of diseases. The main differences between PPP and PSV were that IL-36c was mainly localized in the cytoplasm of keratinocytes around PPP pustules, but was localized in the cytomembrane and nucleus of granular and upper spinous layer keratinocytes in PSV tissues. Furthermore, greater quantities of IL-36c mRNA and protein were expressed in PPP lesions compared with PSV. These results suggest that IL-36c may be more important in the pathogenesis of PPP than in PSV, and it may play a key role in the abnormal inflammatory pathway leading to neutrophil recruitment to form pustules in PPP.
The cells lining or surrounding the pustules in PPP tissue were also positive for EMA. Hence, the pustules may form at acrosyringia, as indicated by Murakami et al. and Hagforsen et al. 3, 13 In PPP lesions, IL-36c and EMA staining overlapped around the pustules. Furthermore, sweat duct cells in the dermis also expressed IL-36c. It has previously been shown that IL-36c stimulates keratinocytes to secrete IL-8 and thereby chemoattract neutrophils, which is an important mechanism for triggering bacterial pustulosis. 5, 11 We therefore hypothesize that the epithelial cells of acrosyringia produce IL-36c upon exposure to pathogens, which stimulates surrounding keratinocytes to overexpress IL-8, which in turn chemoattracts neutrophils Figure 4 Higher magnification views of interleukin (IL)-36Ra and IL-36c expression shows that immunohistochemical IL-36Ra staining was localized in the cytoplasm of keratinocytes in both palmoplantar pustulosis (PPP) and psoriasis vulgaris (PSV) tissue, while IL-36c staining was localized in the cytoplasm of PPP keratinocytes (arrow), but in the cytomembrane and nucleolus in PSV tissue. Sweat duct cells in the dermis also expressed IL-36c (arrow). Scale bar represents 100 lm.
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Finally, IL-36Ra mRNA and protein were both expressed at high levels, suggesting that IL36Ra deficiency may not be a pathogenic factor for PPP. The formation of PPP pustules was closely associated with IL-8 and IL-36c expression and with acrosyringia, rather than with IL-36Ra expression.
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What's already known about this topic?
• PPP is regarded as a localized pustular psoriasis.
• IL-8, IL-36c and IL-36Ra play important roles in the pathogenesis of pustular psoriasis.
• The reason why PPP lesions are confined to palms and soles is considered to be associated with the presence of abundant eccrine sweat glands and pores in these areas.
What does this study add?
• Pustule formation in PPP is mainly seen at the sites of acrosyringia..
• It is associated with the overexpression of IL36c and IL-8 but not IL-36Ra.
